‫004ف(‬ nm), GPI-APs appear uniformly distributed in cell
for fit parameters) and residuals are provided in same color code. Note that GFP-GPI and mYFP undergo efficient homo-FRET resulting in a rapid component in the decay of anisotropy that is absent after saponin-treatment. Scale bar is equal to 30 m. (Table 1; Figures 1H, and  1I , blue traces) and a concomitant increase of steadyin steady-state anisotropy.
We rule out that FRET between GPI-AP species is a state anisotropy (Figures 1E and 1F ; red circles), and (2) both steady-state and time-resolved anisotropy meaa fast anisotropy decay component (0.3 Ϯ 0.06; Figure  1G , Table 1 ) corresponding to an interfluorophore dissurements showed that the reduced anisotropy due to FRET was abolished by replacement of the GPI-anchor tance of 3.85 Ϯ 0.2 nm (Table 1) . Experiments conducted on mYFP-GPI ( Figure 1I ; green trace) show that the deon GFP-GPI with a transmembrane anchor (GFP-PIT; Table 1 ). Furthermore, unlike the wild-type YFP protein cay rate is even shorter ( r1 ϭ 0.132 Ϯ 0.05) than that observed for GFP-GPI (Table 1) Thus, we detect robust homo-FRET between moleto inter-YFP fluorophore distance indistinguishable from the GFP-GPI counterpart (Table 1) . Time-resolved ancules of diverse GPI-APs in living cell membranes. Given the average concentration of GPI-AP species in memisotropy measurements on PLF-labeled FR-GPI (PLF-FR-GPI) on the surface of CHO cells also reflect a similar branes, this is indicative of a clustered distribution below optical resolution. The clustering of GPI-APs seems to high-density organization of FR-GPIs (see Supplemental Data, Supplemental Figure S2 available on Cell website). be promoted by the GPI-anchor.
Thus the attachment of a GPI-anchor is capable of organizing diverse proteins into cholesterol-dependent GPI-APs Are Present in Extremely high-density structures with interfluorophore distances High-Density Structures Ͻ4 nm. FRET efficiencies between different fluorophores (hetero-FRET) have been used to obtain information regarding intermolecular distances at the nanometer scale GPI-APs Form Nanometer-Sized Clusters at the Cell Surface (Stryer and Haugland, 1978) . Likewise, homo-FRET efficiencies can be used to obtain similar information by To determine the size of these high-density structures, we devised a methodology based on the observation the measurement of the rate of loss of fluorescence anisotropy (; see Figure 1B ) at subnanosecond time that the extent of homo-FRET and thus, the steady state anisotropy changes in a theoretically predictable mandomains ( Figure 1B domains, GPI-APs are densely clustered at distances less than R 0 ‫9.0ف(‬ R 0 ; see Table 1 ). We used FR-GPI labeled with PLF because it is readily photobleachable. considered all reasonable models of aggregation and The anisotropy of PLF-FR-GPI at the cell surface inare unable to find another configuration that can accreases upon photobleaching, moving from 72% ( a 40 kDa FR-protein) can occupy a cluster of diameter R 0 In searching for an alternative model, we note that ‫5ف(‬ nm), we get a rough upper bound of four molecules the crucial features of the above models are that the within the cluster. size of the domain is much larger than R 0 and the molecWe next studied the cluster to monomer distribution ular size and the density of proteins in the cluster is of GFP-GPI using a similar method. We find that the high. We thus consider a qualitatively different model, extent of change in anisotropy of GFP-GPI upon chemiModel c (Figure 3A) , wherein the size of the domain is cal quenching is consistent with Model c but for technicomparable to R 0 and the molecular size. Figure 3B cal
reasons (detailed in Supplemental Data available on shows that the experimental data for PLF-FR-GPI is
Cell website) we prefer not to extract a value for the extremely well described by this model in which a fracfraction of clusters and monomers. Instead, a lower tion of molecules are in domains (when they undergo bound ‫;%01ف(‬ Table 1 ) on the cluster fraction may be FRET) where the distance between any two molecules obtained from the amplitude of the FRET component in is not larger than R 0 , while the remainder are dispersed the anisotropy decay experiments for both GFP-GPI and as monomers on the cell surface. While we grant that the model that we consider may not be unique, we have YFP-GPI. An upper bound may be obtained if we con- sider that after quantitative crosslinking of GFP with methodology). The calculation takes into account: (1) the probability of finding a donor and acceptor in the glutaraldehyde only ‫%03ف‬ of amplitude of the net anisotropy decay arises from the FRET ‫3.0ف(‬ ns; Table 1) same cluster, expectedly this factor considerably reduces the efficiency of FRET for small clusters; (2) 
Differentially Affect GPI-AP Clustering Depletion of cholesterol from CHO cells expressing either FR-GPI (Varma and Mayor, 1998) or GFP-GPI by Multiple GPI-APs Inhabit the Same Nanometer-Sized Cluster treating cells with the cholesterol lowering agents, compactin, methyl-␤-cyclodextrin (data not shown), or sapo-
We now ask whether a potential consequence of the ability of the GPI-anchor to induce a nanometer-sized nin results in a loss of homo-FRET (i.e., the fast component of anisotropy decay) between GFP-GPI species clustered distribution is to promote the coexistence of multiple GPI-APs in a single cluster ( Figure 5A ). Consisand between mYFP-GPI compared to the corresponding values for undepleted cells (Table 1) Figure 5A ). We find that the anisotropy data are still consistent with the presence of a mixture of clusters and monomers, but with a reduced clusterof GFP-GPI increases with an increase in the ratio of the expression level of FR-GPI to GFP-GPI ( Figure 5B ; to-monomer ratio (from 20%-40% to 10%-20%). This provides evidence that the nanometer scale organizablack diamonds). In contrast, the anisotropy of GFP-GPI is independent of similar expression levels of a tion of GPI-APs is mediated by cholesterol levels in the membrane. transmembrane-anchored FR isoform ( Figure 5B ; open squares). Conversely, the anisotropy of GFP-PIT is indeOn the other hand, in cells depleted of sphingolipids to levels that relieve endocytic retention either by treatpendent of the expression of FR-GPI in the same membrane (data not shown). This interaction is not specific ment with a sphingolipid synthesis inhibitor, Fumonisin B 1 (data not shown) or in a sphingolipid auxotroph grown to a single GPI-AP pair, since PLF-FR-GPI ( Figure 6B ; black circles) and GFP-GPI ( Figure 6C ; black diamonds) under sphingolipid deficient conditions (Chatterjee et al., 2001), the anisotropy value of FR-GPI and the cluster also exhibit similar shifts in anisotropy when another GPI-AP, decay accelerating factor (DAF), is coexpressed to monomer ratios at the cell surface remain unchanged ( Figure 4A ; compare black triangles with gray circles, for in the same membrane. An important feature of the increase in anisotropy observed with the coexpression of control and sphingolipid-depleted cells, respectively). However these studies were unable to characterize the size or origin of the slowly diffusing species. crosslinked complexes are excluded from FITC-dextran-containing GEECs (Figures 7E-7H) . Instead, they are predominantly found in transferrin-containing endoConcentration Independent Anisotropy, Cluster somes ( Figures 7I-7L ) implying that they are endocyDistribution, and Large-Scale Organization tosed via the clathrin-mediated pathway; thus, the size To understand the mechanism of clustering of GPI-APs, of the crosslinked cluster is not an impediment to endowe perturb this organization by a variety of means. Chocytosis per se. In cells expressing both FR-GPI and lesterol depletion or replacement of the GPI-anchor with GFP-GPI, if FR-GPI was extensively crosslinked with a transmembrane domain abrogate association with the antibodies, its endocytosis was prevented, however, nanoscale clusters indicating that the roles of cholesnoncrosslinked GFP-GPI continues to be internalized terol and the GPI-anchor are central to the formation of normally via the GEEC route (Supplemental Data, Sup-GPI-AP nanoclusters; cohabitation of multiple GPI-APs plemental Figure S7 available on Cell website). These in the same nanocluster provides additional evidence data show that antibody crosslinking segregates the that they are formed by lipid-based mechanisms. Perturprotein from the preexisting clusters, and simultanebation of this organization by antibody crosslinking sugously alters endocytic sorting of the GPI-AP at the cell gests that interactions holding the GPI-AP species tosurface and its endocytic fate. This suggests that assogether are likely to be weak; over short length scales ciation with preexisting nanoscale clusters determines antibody crosslinked proteins can be induced to detach the specific endocytic route and destination for GPI-APs. and reorganize into distinct structures. Any mechanism for the formation of the GPI-AP clusters must be consistent with the following features: (1) Discussion the capacity of the clusters to undergo exchange (as observed during crosslinking) and (2) 
Similar results were obtained with GFP-GPI (data not a second GPI-AP is that it is related to the ratio of the two proteins in the membranes and not to the individual shown). This suggests that sphingolipids do not play an irreplaceable role in the organization

